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[ Confeſs I am almoſt deterred from any further Publica» 
tion on Microſcopes, Micrometers, "Teleſcopes, &c. 
after ſo many Trabis that I have wrote and troubled the 
Public with for Forty Years paſt, on theſe Subjects. But 
if it be criminal to be thus conſtantly ſcribbling, bath Nature 
and Art are ta be blamed; for, by Nature, 1 have @ great 
Averſion to Idleneſs, and as firong a Propenſity to the 
Study and Improvement of the philoſophical Sciences and 
Inſtruments. And if any ſuch Improvements are made, 

how are they to be explained without writing upon them? 
Again —So vaſt is ART, fo narrow human Wit— 
that it is impoſſible to ſee through al her Mazes and Intri- 
cacies at once—Day unto Day adds Knowledge -I have 
often wondered that what at preſent ſeems ſo plain, I could 
avoid obſerving ſeven Years ago. Science is progreſſive, 


and it would be prefumptuous to ſuppoſe we can exhauſt or 
finiſh any one Subject. 


Amongſt all the different Forms and Denominations of 
Microſcopes hitherto publiſhed, there ſtill remains one more 
to be deſcribed, which I have here entitled, The PAN ro- 
METRIC MicROSCOPE ; or, A Microſcope ſo conftrufted 
with a MICROMETER, that it ſbews at Sight the Mag- 
nifying Power, the Dimenſions of Objects, and the 
Extent of the Field, without the leaſt Trouble to the ArtiRh. 
I thought, therefore, I might be indulged if J entreated, 
once more, the Alteniton of the Public to an Explanation 

Hit. 

As it is equally applicable to the Solar Microscope, 
in a portable Form, and the eſſential Ports conſiſting of a 
ſingle and compound Microſcope, the Whole may be conſidered 
as a New Apparatus, or SYSTEM of Optical Inſtru- 


ments, whoſe Expence is ſmall, if compared with its exten- 
ſfroe Uſes. Bu 
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But the principal Inducement to the preſent Publication, 
was the Conſideration that a M1CROMETER of a more 
ſimple and eaſy Fokm, and, leſs expenſive, was very 
much wanting in MICROSCOPES for if DEXTERITY on 
ene hand, and (the much more important Article) Money 
on the other, be wanting, all the preſent Micrometrical 
IxvEnTIONS will be of but little Avail. 

This may, probably, be the laſt Thought T ſhall entertain 
of the Forms, Kinds, and Conſtruction of Optical 
INSTRUMENTS, beſides one that is now ready for the 
Preſs, which is entitled Uraniſcopium Magnum, the 
Grand URANISCOPE, to anſwer all the Purpoſes of an 
Equatorial TELESCOPE, and Solar-Diſk MicRoscoPe, 
by CL.ock-WoRK, and Planetary Pendulum; but as 
this is a Wark of quite a new Complexion, it will in this 
Age meet with little Encouragement ; and therefore I ſhall 
bequeath it to the ingenious Part of Poſterity, at ſuch an 
ra, when Mathematical PHiLOSO HY Hall once more 
raiſe its Head, and be eſteemed the moſt hanourable Branch 
of Literature. 

J have added to this Tract, the DESCRIPTION of an 
Univerſal PERSPECTIVE of the Reflecting Sort, and ex- 
emplified its various UsEs, and Magnifying PowERs, 
for the Sake of the young Optical CONNOIs8SEUR of 
T asTE, who alone will thank me for it. For it is a gene- 


ral Obſervation, that in all other Caſes beſides Literature, 
People think they never can 
Money. / 8 x V5 | 


A NEW CONSTRUCTION OF A 


MICROMETER, 
MICROSCOPE. 


I. X$KEHKS HAVE always judged a Microscors 
X JT A extremely imperfect and defective without 
NR... a M1icROMETER; for tho” it be granted, 

that the Improvement of the Natural Sight by the Mi- 

croſcope be prodigiouſly great; yet that is, perhaps, 

not half the Advantage which may be derived from ſuch 
an ineſtimable Diſcovery : for what can be a greater 

Point of Curioſity, or tend more to expand the narrow 

Limits of the Human UN DERSTANDING, than a 

Knowledge of the amazing Graaations of diminiſhing 

MacxiTUDE in the Minutiæ Nature, or ſmalleſt Sort 

of Objects? Yet their Dimenstons of every Sort are 

equally attainable by the MicrRoMETER -applied to the 


M1cROSCoPE, as the Forms, Colours, Motions, &c, 
are by the Microſcope itſelf. 


B 2. It 


— ——— cn Ine 


2 A New CONSTRUCTION 


2. It is true, indeed, that the Uſe of the Micrometer 
is ſuppoſed to be a Matter of mere Curioſity, and to 
concern only the Virtus, and Adepts in the Study of 


Nature; but this is judging very perverſely ; becauſe 


the great and ultimate Deſign of Providence in this 
Diſcovery was, undoubtedly, to furniſh the human 
Mind with the moſt perfect and exalted Ideas of the 
incffable Power and Skill of the Divine Authowof Na- 
ture, that it is capable of, But theſe Ideas are not 
compleat by barely inſpecting thoſe wonderful Minutiæ, 
but by adding thereto the Speculation of their juſt and 
aſtoniſhingly ſmall DiMENSIONs. 

3. Yet, notwithſtanding this, it was long after the 
Invention of the Microſcope, before a Word was men- 
tioned of a MICROMETER ; Power, Leuwenhoek, Haoke, 
Swammerdam, Hugenius, Baker, and many others who 


have wrote largely on this Subject, are either wholly 


ſilent about it, or mention only Grains of Sands, Shreds 
of fine Wire, Lattices in Braſs, &c. by which to form a 
vague Judgment of the ſmall Dimenſions of Objects. 

4. But as theſe uncertain Methods of Microſcopic 
Menſuration gave but little Satisfaction, I pùbliſhed a 
M1icRoMETER made with a Screw, containing 50 
Threads to an Inch, which, as it conveyed a mecha- 
nical Certainty, was very well received; and about 30 
Years after I rendered it much more compleat, and 
gave ſome Directions for its Uſe in my Optical Es8a vs, 
Page 47. 

5. Yet after all I could contrive or think of in this 


Way, I found the Generality even of Connoiſſeurs them- 


ſelves, awkward enough at computing, as well the 


magnifying Power of the Microſcope, as the Dimenſion 


of ſmall Objects by the Micrometer. And, indeed, it 
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is not to be wondered at, when it is conſidered, that 
the magniſying Power depends upon the Thickneſs of a 
ſmall Lens, the very ſhort Radu of its convex Surfaces, 
and the reſpective Dances of the Object and its Image; 
all which are with- no ſmall Difficulty meaſured, and 
aſcertained by the moſt expert Optician. And as this 
is the Caſe in the moſt ſimple Conſtruction of a com- 
pound Microſcope, the magnifying Power can by no 
Means be readily defined in thoſe that have more than 
tio Glaſſes. 

6. Thoſe who are leaſt experienced in the Microſco- 
pic Praxis, are very deſirous of deep Magnifiers, and ex- 
tremely inquiſitive about Lenſes of the ſhorteſt focal 
Diſtances ; and they ſuppoſe it may be known when 
they are e, Tos Jes 45» Or 7 of an Inch, as well as 
when they have focal Diſtances of 'x, 2, 3, 4, or 5 
Inches ; but herein they are ſtrangely miſtaken ; for 
it would puzzle a NEWTON himſelf, to determine pre- 
ciſely what is the Solar focal Diſlance of one of thoſe 
very ſmall Lenſes, Nor would it boot any of theſe 
oyer-curious Geniuſes, to be informed what the focal 
Diſtace of a very ſmall Lens or Spherule really is ; for they 
could not from thence conclude any thing in regard to 
the magnifying Power, or Dimenſion of ſmall Objects, 
as they ſeem to expect, Nor can it anſwer any other 
Purpoſe than pure Curiofity that I know of, 

7. Indeed the Fate of an QPTIC1aN is very hard, if 
he be one that pretends to know any thing of the 
THEoRY or PrinciPLes of OpTrcs; for People think 
to anſwer ſuch Queſtions as theſe, I hat is the Focus of 


the Lens ? How many Times does the Microſcope magnify ? 
What Field of View does it take in? Sc. 
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Is to him not more difficile, 
Than to a Blackbird *tis to whiſtle, 


And becauſe it would be appearing in a bad Light, not 


to give the Queriſt ſome plauſible Anſwer, tells him 
the Lens is about 4, of an Inch Focus. That the” In- 
firument magnifies 200 Times, 
Reſponſes are rigorouſly true, or not, he is ſecure from 
Detection; and he knows, that, with reſpect to ſuch 
People, he can ſufficiently ſatisfy them, with a Crede 
quod habes, et habes. 

8. But to prevent any Trouble, or Deception of this 
Kind, I have contrived a Method by which Every Man 
may be his own Optician, or ſatisfy himſelf in any of the 
above-mentioned Points, by his Eye-/jght alone, which 
is uſually called, ocular Demonſtration. That is, he 
will be able of himſelf to determine 


I. The MacnisyinG PowER of ſingle and compound 
ws MicrRoscCoPEs. 
II. The ExTENT of the FitLD of View. 
III. The DiukNsfoxs of the ſmalleſt OBR CTS. 
IV. The Apparent MAN ITU DE of every OBJECT, 


And all this without any other Qualification than a 
good Eye, and the Bleſſing of a cen mon Underſtanding. 
9. That this new Method of Demonſtration may be 
moſt eaſily comprehended, I ſuppoſe (1.) That an Inch 
is divided into ten equa! Parts, and each ſuch Part I call 
a Ling; fo that one Inch is equal to ten Lines. (2.) 
That a Line is again divided into ten equa! Parts alſo; 
and one of thoſe Parts I call a PoiwnT ; ſo that ten 
Painis make one LINE; and 100 Paints make one 

Incn, 
10. Suppoſe next, that a SCREW contains juſt 100 
Threads in an Inch; then the Diſtance between each 
two 


But whether his 
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two Threads will be one Point, and 10 Threads will: 
make a Line, 

11. Laſtly; let a ſmall pu of ſuch a ** Screw be 
placed under the Object Lens of the Microſcope, and 
another Piece of the ſame be fixed in the Focus of the 
Eye-glaſs; and the Microſcope is then completely fit- 
ted to anſwer all the four Purpoſes juſt mentioned, viz. 


I. The Macnirvins Power of the Single 
MICROSCOPE. 


12. In order for an ocular Demonſtration of this, 
let Fig. 1. repreſent the Area of the Eye-Stop, or circle 
circumſcribing the View in the Microſcope ; in mine, 
this Circle is juſt fix Lines and four Points (or i of an 
Inch) in Diameter; and ſo the Piece of this Screw 
(de) which goes through the Center of the Circle, 
contains 64 Points; but theſe viewed with the naked 
Eye, are not diſcernable ; when at the ſame Time a few 
of the Points, as ab, bc, of the Object Screw, will be 
ſufficiently ſenſible to the Eye alone, as being largely 
magnified by the Object Lens. 

13. Now when this ſmall or natural Field of View 
is itſelf magnified by the Zye-Glaſs, it will appear as in 


Fig. 2. where the Points in the Wire, or Screw DE, are 


rendered ſufficiently large and diſtin to the Sight, 
and may be eaſily counted from one End to the other. 
The Points ab, bc, in Fig. 1. will now alſo be a ſecond 
Time magnified, and appear very large, as in AB, and 
BC. 

14. Hence it evidently appears, how many Times 
the Object Lens magnifies the Object, viz. juſt ſo many 
Times as there are Points of DE contained in one of 
the Points of the magnified Screw AB or BC; this 
Number (in the Figure} is 24; therefore this Lens 
magnifies every Object equally, or 24 Times in Dia- 
ene | meter, 
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meter, and ſo many Points or Threads of the Screw 
(d e) are contained, of courſe, in one magnified Point 
(a6) in Fig. 1. This is the Effect of the third Magni- 
fier in my Microſcope, marked C in the Table of Arti- 
cle 40; to which you are referred in what follows. 

15. The fourth Magnifier D makes the Image or 
magnified Point AB fo large as to contain 48 Points of 
the Screw DE ; and ſo magnifies 48 Times, or twice 


- as much as the other. 


16. The fifth Magnifier E makes the Image of one 
Point (ab) fo large as to equal the Diameter (de) of 
the whole Eye- Stop; and conſequently the Point AB 
comprehends all the 64 Points in DE, or magnifies 64 
Times in Diameter. And this I find by Experience is 
a magnifying Power ſufficient to anſwer moſt Purpoſes 
for the preſent natural Conſtitution of the Eye. 


II. The Magnifying Power of the Compound 
M1croscoPE, and ExTENT of the FIEID of 
View. 


17. The ſecond Power of magnifying by the Micro- 
ſcope, is by Means of the Eys-(GLass, placed at its 
focal Diſtance from the Eye-Stop in Fig. 1. For it is 
ſuppoſed that the Eye alone cannot diſcern the firſt mag- 
nified Points a b, bc, diſtinctly, at a leſs Diſtance than 
8 Inches, or 80 Lines: but through the Eye-Glaſs, 
they are ſeen perfectly at the Diſtance of its Focus, 
which in that of my Microſcope is 8 Lines, which is 
10 Times nearer than 8 Inches; conſequently the 
whole Eye-Stop (Fig. 1.) and all its Contents, are 
magnified 10 Times. 

18. But 10 Times 64 is 640; the Object is there- 
fore magnified 640 Times in Diameter with the Lens 
E; and ite Superficies 4090 0 Limes; and laſtly its 
er! Solidity 
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Solidity 262144000, or more than Two Hundred and 
Sixty-two Millions of 'Times, 

19. With the fourth Magnifyer D it will be eel 
10 Times 48, or 480 Times in Length and Breadth; 
alſo 2.30400 Times in Superficies, and 120958 
Times in Bulk. 

20. By the third Object Lens C, the magnifying 
Power is 10 Times 24, or 240 Times in Diameter; 
57600 Times in Surface; and 13824000 Times in the 
ſolid Content. 

21. The Object Lenſes A and B, are defi igned 
chiefly for ſnewing opake Objects, as the Diſtance be- 
tween the Object and the Lens will admit of the Ob- 
ject's being ſtrongly illuminated, and thereby ſhewn 
to great Perfection. And the magn :fying Power in each 
of theſe is ſhewn in the ſame Manner as in the three 
firſt, viz, by obſerving how many Points in the Micro- 
meter DE are contained in one of the magnified Points 
AB, and multiplying that Number by 10, as in each 
of the foregoing Examples. 

22. Laſtly, The ExTEwT of the Finp of View is 
evident from this Conſideration, that the Diameter 
(de) in the real Field (or Eye-Stop of Fig. 1.) con- 
tains 64 Points or Threads of the Screw ; and this is 
magnified 10 Times by the Eye-Glaſs; therefore the 
Diameter of the magnified Field of View is equal to 640 
Points, or 64 Lines; that is, equal to a Circle whoſe 
Diameter is 6 Inches, and 4 Tenths. For ſuch a cir- 
cular Piece of Paper held 8 Inches from- the Eye, will 
appear under the ſame Angle, and therefore juſt as 
large as the Eye-ſtop appears through the ocular Lens. 


23. Hence 


8 A Naw CoxsTRUC TiO 
23. Henee the general RULE for finding the Diamiter 
of the Field of View in any Microſcope is this: Divide 


the Diameter of the Eye-Stop by the focal Length of the Eye 
Glaſs, and multiply the Quotient by 8, the Product is the 


Diameter of the Field required. Therefore the Field of 


View, or vi/ible Area of Objects, does not at all depend 
on the Magnitude of the Microſcopes though it will always 
be found that the larger Glaſſes of a Microſcope give a 
more perfect and diſtin View of the Object; but on 
this Hand we are alſo limited, ſince the Diftin@neſs of 
Viſion is not in Proportion to the Size of the Glaſles, 
but to theit proper Diſpoſition in the Inſtrument, as is 
demonſtrated in my New ELEMENTS of OpTics, From 
what has been ſaid, it follows, that when the Diameter 
of the Eye-Stop is equal to the focal Diſtance of the 
Eye-Glaſs, the Angle of Viſion is a right one, and 
the greateſt the Microſcope will well bear. 


III. Of the DIM ENsION of ſmall OBIE CTS. 


24. The Dimenſion, or Method of meaſuring @ ſina l 
Olject, reſults immediately from the above deſcribed 
Conſtruction of a MicRoMEKTEN DE, and the Reaſon 
thereof is evident at firſt Sight, For with reſpect to 
any particular Object Lens, as the 3d for Inſtance, you 
know what Part of a magnified Point AB, one Point 
in the Micrometer DE is, viz. r Part in this Lens C; 
and that it is a 2 Part in the 4th Lens D; and a &, 
Part in the 5th Lens E, 

25. Nothing then now remains to know the Dimen- 
ſions of an Object, but to obſerve how many Points in 
the MicRoMETER D its Image occupies, or is equal 
to: thus for Example; ſuppoſe with the 3d Magnifier, 
you ſee the Image of an Object juſt equal to ove Point, 


then 
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then you know that it is 2 Part of AB; and alſo that 
AB is itſelf ;:; of an Inch; therefore every Point of 
DE . meaſures {; of 1e, or zes Part of an Inch; 
conſequently the Object in Queſtion is equal to ,7.; 
of an INCH, or 246 Part of a LINE, or the 2 Part of 
a PoINT, 

26, The ſame Object magnified by the Lens D, 
will have an Image equal to 2 Points in DE; and fo 
the Meaſure of it will be 236 Parts of a Line, or 24, 
as before. | 

27. If the magniher E be applied to the ſame Object, 
then the Image will be greater than by the 3d Magnifier 
in Proportion of 64. to 24, or it will occupy 2 Points 


2 


and 3 of another; and ſo 24 is till — Part of 
© 240 


40 
a Line, as at firſt, Hence the ſame Meaſure or Part 
of a Line will be given for the Length or Breadth of 
an Object by each magnifying Lens. 

28. Suppoſe, for another Example, that with the 3d 
Magnifier C you obſerve 3 equal Images of an Object 
equal 5 Points in the Micrometer DE; then one 
Image is 4 of a Point; then *tis plain that 5 is to 3 as 
240 is to 144; and therefore the Length of the Object 
is IA of a Line, 

29. Again, ſuppoſe with the ſame Magnifier you 
obſerve 5 equal Images of an Object N equal to 3 
Points in DE; then is 1 Image equal to 4+ of a Point; 
then 3: 5:: 240: 400; therefore the Object itſelf is 
25 Part of a Line. 

30. Let 3 equal Images, contiguous to each other, 
be made by the 5th Magnifyer E, and meaſure 7 Points 
of the Micrometer, then 1 Image will be equal to ? of 
a Point; and then 7: 3:: 640: 274 nearly; ſo that 

a the 
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the Object belonging to that Image is 2 Part of a 
Line. 


31. In one of the leſſer Magnifiers, as B, ſuppoſe 
10 Points of the Micrometer be equal to one magnified 
Point AB of the Screw; then the whole mognifying 
Power will be 100 Times: let an Image of an Object 
by this Lens be equal to 13 Points of the Micrometer, 
then 13 is to 1 as 100 to 7,7 ; therefore the Object is 
7% Part of a Line, or 77 make an Inch. 

32. If the Image of another Object (by the ſame 
Magnifier) be equal to 7 Points of the Micrometer, 
then ſay, as 7 is to 1, ſo is 100 to 14,3 nearly; there- 
fore the Object is 24 Part of a Line, or 143 make an 
Inch. 

33. If the Image equals juſt 10 Points of the Micro- 
meter (with the ſame Lens) the Obje& will be * 
e of a Line, or 100 make an Inch. 

34. Theſe Examples are more than ſufficient to elu- 
cidate the Method of meaſuring all ſmall Objects that 
can be rendered viſible, or of any ſenſible Magnitude 
by the Microſcope ; and ſince each Point of the Micro- 
meter DE, is by the ocular Lens, made equal to the 
tenth of an Inch, or a whole Line; it will not be diffi- 
cult for any dextrous or diſcerning Perſon to be certain 
of the Meaſure of the Image not only in Points, but 
nearly to 0 of a Point; ſo that by the Magnifier E, 
you may proceed in meaſuring the Diameter of any 
Object to nearly the 6400th Part of a Line; which is 
an amazing Degtee of Accuracy. 

35. But to effect this with ſtill more Certainty, the 
Micrometer has Lines drawn upon it at every tenth 
Point, and therefore the Computation of the Number 
of Points in any large Image is much facilitated there- 
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by; and with reſpect to ſmall Images, if they are 
equal and contiguous, or lie in Rows by each other; 
as the Lenſes in the Cornea of an InſeQ's Eye, then it 
will be very eaſy to obſerve what Number of them are 
contained in 10, 20, 30, &c, of theſe Points, and from 
thence to determine the Breadth of one of them in 
Points, and Parts of a Point. And when there are 


Images enough you may take the whole Line FG, 
which contains 50 Points. 


36. For Example; in the Cornea of the Eye of a 
ſmall Sort of Libella (or Adderſpear) there will (by 
the 3d Magnifier) be juſt 17 Images in FG, or 50 
Points; then 50: 17: : 240: 82: the Lenſes in one 
Line, or 820 in an Inch, 

37. In another Experiment (with the ſame Lens, 
No. 3.) we find 10x ſquare Lenſes in the Cornea of a 
Lobſier's Eye, juſt equal to 50 Points; then ſay as 50: 
JOz: : 240: 50+; nearly, in a Line; or 505 in an 
Inch, 


IV. Of the Apparent Macnirupe of OBjecrts, 


38. It has been ſhewn, that the Apparent FiELp of 
View in this Microſcope is 64 Lines, or 6,4 Inches ; 
therefore the Apparene MAaGniruDpE of any Object will 
be the Number of theſe Lines that its Image equals 
upon the Micrometer ; thus ſuppoſe the Image of an 
Object is equal to 1, or to 3, or to 7 of theſe Lines, 
then the oor An of ſuch an Object will be 
equal to 1, Jos or 5s of an Inch, ſeen at the Diſtance 
of 8 Inches from the Eye. 

239. What has been ſaid reſpeQs one Lens only; for 
in different Lenſes the Apparent Magnitude of Objects 
will vary with their different magnifying Powers. In 
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my Microſcope there are fix Lenſes which I Call de- 
note by A, B, C, D, E, F; then ſuppoſe with the 
Lens B you obſerve the Image of an Object equal to 3 
Lines, and in the Lens D you find it equal to 12 Lines 
on the Micrometer ; then you know that by the Lens B 
the apparent Magnitude of that Object is F; of an Inch; 
and by the Lens D, it is 4 Times as much, viz. 1,2 
Inch. After this Manner I have ſeen the circular Par- 
ticles of human Blood with the deepeſt Magnifier F, 
ſrom 4 to 6 Tenths of an Inch in Diameter. 

40. The Eaſe and Expedition of a Computation of 
the real and apparent Magnitude of Objects, will be 
greatly promoted by a Table like the following, which 
J made for my own particular Uſe, whoſe Numbers 


arc adapted to any Number of Lines under 20, in the 
ſeveral Lenſes. 


LL 
1 | 70 120 240 450 | bao 1280 
288 bo | 120 | 240 | 320 640 
3 23,3 40 80 | 160 213.3] 426, 
$ 3941-30 60 120 | 160 320 

3 3s 24 48 96 128 256 
6 '| 11,79} 20 40 30 166,7 213.3 
7 10 | 1752; 34,3 08,7] 91,4] 182,8 

1 „„ 80 160 
9 7-78] 13,3 20,7] 53,3 71,0 142 
. Fe: 44-1 46 6a 128 
11 0,4 | 30,9 2158 4350 58,2 110,2 
12 5,84 10 20 40 53˙3 106,7 
13 7:454 9,2 18,4] 35.8 49,2 98,4 
5 8.6 7,21 3414 45.7 91,4 
Is E467 8 10 32 42.7 85,4 
16 | 433 7+5 | 15 30 40 80 
5 7 14,1]. 28,2 37.6 75,2 
18 [ $39. f 0,64 13.3 26,6 25,5 71 
19 70 s 2304 25,2} 3% : 467421 

20 | 3.5 6 2, a 32 64 
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41. The Uſe of this Table will be very eaſily under- 
flood by a few Examples; thus ſuppoſe the apparent 
Magnitude (or Image) of the Object by the Lens A be 
5 Lines, or an Inch; then againſt 5 in the firſt Co- 
lumn, you ſee 14 under A, which ſhews, that 14 ſuch 
Objects are contained in one Line; and conſequently, 
that how are 140 in one Inch, or that one ſuch Object 
is the 5%; Part of an Inch in Diameter, 

42. * ſuppoſe with the Lens C you obſerve the 
Image of an Object equal to 13 Lines of the Micko 
METER, then againſt 13 on the Side, you find the 
Number 18,4, which ſhew there are nearly 185 of ſuch 
Objects in one Line, or that 184 are juſt equal to ax 
Inch. | | 

43. Let the apparent Magnitude, or Image by the 
Lens D equal 104 Lines; then add together the two 
Numbers 48 and 43,6 anſwering to 10 and 11 Lines, 
half their Sum will be 45,8, and is very nearly the 
Number of ſuch Objects in a Line, or 458 in an 
Inch. 

44. With the deepeſt Lens F, I have often found 
the Images of the Particles of 1 Blood equal to 6 
Lines; conſequently there will be 2133 in an Inch; 
and thus you proceed in all other Caſes. 

45. Theſe Diviſions of the Micxoxn TER would, 
however, be of little Uſe in the dark ; and therefore 
the upper Part of the Microſcope is ſo contrived as to 
throw a conſiderable Light upon the Micrometer, ſut- 
ficient to render the whole compleatly viſible, without 
the leaſt Injury to the diſtinct Appearance of the 
Images of Objects in the Field of View. 

4b. Laſtly, to render this Conſtruction every Way 
compleat, the Micrometer DE is contained in a Tube 


which 


A 
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which moves freely within another ; and by that Means 
it may be placed right acroſs the Image of an Object to 
ſhew the Number of Points in its Diameter; or it may 
be placed appolitely and parallel to a Row of any equi- 
diſtant Images, to compute how many ef them ate 
equal to a given Number of Lines and Points of the 
Micrometer, 


V. The ſame CoxsTRucTION of a MickomeTER 
applied to a Portable Solar MicRoscope, 


47. We view, with infinite Pleaſure, the amazing 
large Appearances of very ſmall Objects both Tranſpa- 
rent and Opake, in the SoLarR MicRoscopE; but we 
can ew them only, being as yet deſtitute of any Means 
of meaſuring or computing the enormous Size of their 
Images on one hand, or of the Minute neſs of the Ob- 
jects themſelves on the other, to any certain Degree of 
Accuracy. 

48. Nor can ſuch a Micrometer, as above deſcribed, 
(or any other indeed) be commodiouſly applied to the 
Solar Microſcope at large, as uſually applied in the Ca- 
mera Obſcura, or darkened Room; but in a Solar Mi- 
croſcope of a ſmall, portable Form, it may be very 
conveniently adapted, and all ſmall Objects meaſured 
by it to a ſufficient Degree of Exactneſs. 

49. If the Height of the Object-Lens above the 
Bottom of the Box be about 10 or 12 Inches, it will 
allow of a magn:i/ying Power from 100 to 300 or 400 
Times, by the 3d, 4th, and fifth Magnifiers. But 
how much any particular Lens magnifies, is imme- 
diately known by the following Conſtruction of this 
portable Solar MICROSCOPE, 


50. Let 
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50. Let the Bottom be juſt 7 Inches ſquare; then 
may the Print of the Copper Plate prefixed to this Tract 
(hitherto conſidered as the magnified FIELD of View in 
the compound Microſcope) be paſted upon it; and 
the MicRomeTER DE will be here of the ſame Uſe as 
before; for the Micrometer Screw being placed as an 
Object juſt above the Lens or Magniher at the Top, 
the Image thereof will be formed upon the Bottom very 
diſtinctly, and it will be eaſy to ſee how many Points of 
the Micrometer DE are contained in one magnified Paint 
AB of the Object; for 10 Times that Number is the 
magnifying Power of that Lens. 

51. Thus for Example: ſuppoſe the Lens I uſe 
make the Image of the ſingle Point AB equal to 10 
Points of the Micrometer DE, then becauſe each of 
theſe Points is equal to a Line, or 10 natural Points; 
therefore AB is equal to 100 ſuch Points, or is mag- 
nified 100 Times. = 

52. Again, ſuppoſe another Lens, ſtill deeper, 
makes AB=32 Points of DE, then it magnifies this, 
and every Object, 320 Times; and ſo for any other 
Lens. 

53. When the magnifying Power is determined, 
the Menſuration of the ſmall Object is known of courſe ; 
for in the firſt Example, if 10 Points of the Microme- 
ter DE be equal to one magnified Point AB, then x 
Point of DE will be , of AB; but AB is zd of an 
Inch; therefore every Point in DE is 5%; of an Inch, 
or es of a Line, Suppoſe then, that by ſuch a Lens 
the Image of a ſmall Object were to be obſerved to 
equal 27 Points of the Micrometer DE, then the Dia- 


meter of the ſaid Object will be equal to — or 2. 
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of a Line; or 40 of them laid contiguous to each other, 
will equal one Line. 

54. After the ſame Manner in the 2d Example, ſince 
22 Points are contained in AB, one Point will be 34 of 


if an Image of an Object by this Lens covers 22 Points 

of the Micrometer DE, its Diameter will be — or 
350, 

113 Part of a Line; and ſo on for others. 

55. I apprehend 4 Magnifiers will be ſufficient for 
this Portable Solar Mickoscopr, which may be about 
3 i355 15 36 Of an Inch focal Diſtance ; with the laſt 
of theſe I can ſee the Image of a human Hair 6 Lines 
in width ; the Lenſes in the Eye of the Adderſpear 4 
Lines, and thoſe in the Eye of a Lobſter 5 Lines, or 


Ralf an Inch wide. The Claw of a Louſe is 17 Lines 


long; and even the Particles of Blood are very diſtin, 


and eaſily meaſured on the Points of the Microrreter 
DE. Though in my Inſtrument the Diſtance of the 
Magnifiers is not more than 8 Inches from the ſaid 
MiIcgOM ETER. 

50. With reſpect to this Portable S:lar Microſcope, 
it will be neceſſary to have a Contrivance to give a 
requiſite Degree of Light for each particular Lens; 
and make the Field or Circle of Light on the Bottom 
of the Box equal to that of the Print nearly ; and for 
this Purpoſe a proper Apparatus is adapted to the In- 
firument, and gives no TI rouble in the Uſe of it, 


57. After having deſcribed the Application of the 
MiiCROMETER to the Solar Micreſcopes, J ſhall only 
juſt obſerve, 1 mean that which ſhews tranſparent Ob- 
jefs only; but if the /ir:uo/o ſhall chuſe to be at the 
Expence, he may likewiſe have 1t adapted to an Opate 

Solar 
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Solar Aſicroſcope, of a portable Form, the fame Box 
ſerving for both, with only a different Apparatus on 
the Top, for ſhewing opake Objects on the Paper, with 
the engraved MICROMETER 'upon it on the Bottom, 

58, The Method of meaſuring opake Objefts does no 
Way differ from that for Tranſparent Ones already de- 
ſcribed (Art. 50, &c.) For the original Screw of 100 
Threads, or Points, to an Inch, being itſelf an pale 
Object, will be an excellent Experiment of this Kind; 
all its Points, together with the whole Surface, being fa 
ſtrongly illuminated, will form a ſplendid Image upon 
the Paper, where it will be eaſy to ſee how many 
of the Points of the Micrometer DE are contained in 
One, or rather in Ten of thoſe of the Image; and 
then you will know what Part of an Inch one Point of 
the Micrometer meaſures ; as before was ſhewn for 
tranſparent Objects. 

59. But the principal. Point in View here, is the 
curious and delightful Appearance opake Objects make 
when illuminated and magnified in this Way ; but for 
a more particular Account of this Matter, I ſhall refer 
the Reader to my Deſcription of the Opake Solar Micros 
SCOPE af large, in a former Pamphlet. 

60. The braſs Apparatus for this portable Opake 
Solar Microſcope, makes one of the very beſt Sort of 
MEGALASCOPEs for opake Objects, viz. thoſe from 
about x to 4, Or 1 Inch, Diameter; there are ſome 
FossiLs and OREs which, when viewed this Way, 
are beyond Expreſſion beautiful. When I view that 
curiouſly coloured Copper Ore, called the PHEASANT's 
Eye, the Glory, Richneſs, and Variety of Colours, 
exceed Conception, and elude the Force of Words to 
deſcribe ; the Whole ſeems expanded into a capacious 
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and tranſparent Scene; and I know of nothing that 
bears any diſtant Reſemblance to it. This Experiment 
is ſuperlatively fine by CanoLe-LicnT, I ſhalljuſt 
mention ſome other Uſes. to which this little Box may 
be applied by Way of a rpg r or artificial Camera 
Obſcura. 

61. Thus in this Machine you not only exhibit a 
pleaſing Appearance of every minute Object, and take 
all its Dimenſions with Exactneſs by the Micro- 
METER, but you may alſo draw the Images of any of 
thoſe Objects with the utmoſt Eaſe and Readineſs, by 
proper Apertures made in the Sides of the Box; one of 
which gives a View of the Image, and the other allows 
Freedom of Motion in the Hand that draws it. Thus 
a noble Collection of-Drawings of the magnified and mag- 
nificent Pieces of Nature's Workmanſhip in original 
Miniature, may be obtained in little Time, in the 
Way of -Amuſement only, (attended with the higheſt 
Pleaſure and Dignity,) by any ingenious Hand. 

62. In the ſame Machine, inſtead of the Solar Appa- 
ratus, another may be applied for delineating a Picture 
of all Objects before it in a moſt pleaſing Landſcape 
View,” whether of Streets, Gardens, Fields, Mountains, 
Vallies, &c. with the natural Lights and Shades, enli- 
vened with Motion, and conformable to the exacteſt 
Laws of Perſpective. Thus Specimens of Painting by 
the Pencil of Nature may be formed at Pleaſure, to 
gratify both the Eye of the Body and the Mind at the ſame 
Time. PiQures as much ſuperior to the Paintings of 
Abelles, as Light is ſuperior to gritty Earth. 

63. It may not, perhaps, be thought worth while 
to obſerve, that this Machine will alſo admit of a Con- 
trivance or Apparatus for viewing Per ſpective Prints, or 
Landſcapes, in Alto Relieve, as in thoſe called Optical 
An. | 64. The 
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64. The Solar Apparatus is of itſelf an excellent 
Wilſion's Microſcope in one Part; and the beſt Sort of 
Flower or Foſſil Microſcope in the other; ſo that in this 
Machine every Sort of Object, great or ſmall, may be 
diſtinctly ſeen, contemplated, and meaſured with the 
greateſt Satisfaction and Nicety. 

65. What adds ftill more to its Commendation, is; 
that it may be uſed in a Room with the Windows open, 
the Body of the Box being internally black, is, itſelf, 
a ſufficient Camera Obſcura. 

66. The Images formed by this Inſtrument may be 
viewed either with the naked Eye, or through a Plano- 
Convex Lens; in the latter Caſe they will not only be 
magnified more, but will appear with ſuch Relizvo as to 


excite an Idea ſo very naturally and exactly correſpond- 


ing to the Object itſelf, that you would think it was 
really the ſame which you ſaw. 

67. For the greater Convenience of meaſuring Ob- 
jects, a Piece of Paſteboard might be cut exactly to 
the Size of the Bottom of the Box, and its Center 
found by two diagonal Lines; on this Center, the Cen- 
ter of the printed circular Field of View DH E] muſt 
be placed, with a ſtrong thread paſſing through both, 
connecting them together, and yet admitting Freedom 


of Motion to the ſaid Circle; by this Means the Mi- 


crometer DE may be turned about, and often adjuſted 
to the Image, when the Image cannot be ſo readily 
brought to the Micrometer. 
68. In the laſt Place, thoſe who chuſe it, may have 
a ſmall Reflefing TELESCOPE adapted to the Top of 
the Box for forming the Sun's IMAGE at the Bottom, 
in which the Solar Maculæ may at any Time be viewed, 
with their various Alterations and Changes that daily 
happen, 
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happen, without poring through the dark Glaſs of a 
Teleſcope for that Purpoſe. 

69. In this Way alſo, you may make an excellent 
Solar-Diſe Microscore for ſhewing- all tranſparent 
Objects moſt delightfully upon the Solar Diſk, or bright 
Face of the Sun, on the Bottom of the Box. Alfo by 
Means of the Micrometer DE, the ſkilful Aſtronomer 
will eaſily meaſure the DIAMETER of the Sun to a 
Second ; and perhaps he will find this the moſt ready 
and uſeful HELIOMETER of all others. 

70, I have now ſaid all I think material or neceſſary 
concerning this New Con/irufion of a MickomETER 
in the Compound and Solar MicRoscoPts, which are 
by this Means adapted to afford the greateſt Pleaſure, 
and the nobleſt Amuſe ment to every rational and ſtu— 
dious Obſerver of the boundleſs Scenes in the moſt 
ſtriking and ſtupendous Operations of Nature, every 
where viſible about us by theſe Glaſſes; which, as I 
have elſewhere obſerved, are a perpetual Com- 
MENTARY on the BiBLE of NaTuRE, and enlarge 
the Mind with a conſtant Influx of the moſt uſeful 
Knowledge, which naturally and neceſſarily inſpires 
the pureft Principles of Piety and Devotion to the 
adorable Creator, and Governor of the Whole, 
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Page 4, line 17, inſtead of fingle, read ſingle Lxxs Es. 
Page 5, line 9, inſtead of Mickos co E, read LENSES. 
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